ABSTRACT. The aim was to evaluate the feeding behavior, carcass characteristics and meat quality of Nelore heifers fed sunflower pie replacing cottonseed meal. They were used 30 heifers with average initial weight of 274 kg ± 28 kg and average age of 24 months, confined for 76 days. The design was completely randomized with five treatments (0, 150, 300, 450 and 600 g kg -1 DM) and six replicates per treatment. By completing 24 hours after slaughter, it evaluated muscle conformation and degree of finish made the Longissimus dorsi at the 13 th rib. A representative sample between the 10 th and 12 th ribs was collected for evaluation of the physical components of carcasses. As well as the other variables, the hot carcass weight, dressing percentage, carcass length and rib eye area were not influenced by different pie levels in feed. The mean percentage of muscle, bone and fat from the carcass were 53.45; 16.14 and 29.46%, respectively, similar among treatments. Therefore, the use of up to 600 g kg -1 of sunflower pie replacing cottonseed meal as the main protein source, did not affect the carcass characteristics and meat quality of Nelore heifers.
Introduction
The use of pies in animal feeding is growing, mainly by the development of biodiesel industry. The biodiesel is produced by mediation of transesterification, in which glycerin is separated from the fat or vegetable oil. The process generates two products: esters and glycerin, besides co-products, as the pies (Abdalla, Filho, Godoi, Carmo, & Eduardo, 2008) . The Zebu breeds, mainly the Nelore, although well adapted to the conditions imposed by the tropical environment, not always receive adequate feeding, resulting in a lower performance and consequently, later slaughter, influencing in the quality of the carcass, besides reflecting negatively in the productivity of the marketable meat (Rotta et al., 2009) .
The practice of confinement, associated to the use of co-products is shown to be economically interesting, providing better quality carcass, enabling the reduction of the age at slaughter. In this sense, the use of sunflower co-product, such as the sunflower pie, in replacing the protein sources might be advantageous both ways economic and nutrition, once it allows that the soy bran is released for other purposes, as export, or to the production of monogastric animals which are more demanding in terms of quality of the dietary protein (Oliveira, Mota, Barbosa, Stein, & Borgonovi, 2007) . According to the cost of feeding beef cattle in confined regime represents in average 70% the total cost of the termination system, what justifies the search for alternative foods and with low commercial value, as the agribusiness co-products, enabling to reduce the cost with feeding. Mesacasa et al., (2015) , replacing sunflower pie in the place of soy bran (0, 24,40 e 54%) in supplement for cattle in cutting grazing during the drought season, it was concluded that the sunflower pie can replace the soy bran in supplementation 100%, without harming the nutritional parameters.
In order to contribute with the production of better quality meat using alternative foods, this study aimed to evaluate the behavior of food intake, the characteristics of carcass and the quality of Nelore beef heifers, fed with rations containing sunflower pie replacing cottonseed meal.
Material and methods
The management of animals during the experimental period was accomplished with the approval of the Ethics Committee in Animal Experiments of the State University of Londrina (CEEA/UEL), registered under the process number 27/10. The experiment was conducted in Londrina, in the state of Paraná, Brazil (23°19'32" S; 51°12'32" W) exerting thirty Nelore heifers, with about 24 months old of age and 274± 28 kg of starting weight, housed in 10 collective stalls, with three animals in each stall, being two for treatment, during 76 days, 28 days for adaptation of the animals in experimental conditions. The experimental design utilized was the entirely randomized with Five treatments and six animals per treatment. The treatments consisted in a ration "control" and four rations with different levels (150; 300; 450 e 600 g kg -1 DM) replacing the cottonseed meal by sunflower pie.
The rations were formulated to attend the demands of animals with a daily average gain of 1.1 kg, (Table 1) , as proposed by the NRC (1996) .
The complete ration was offered to the animals twice a day once at 8:00 a.m. and at 5:00 p.m. so that there was scraps of 10% of the dry matter offered. Daily in the morning, before the feeding, the scraps of the previous day were removed and weighed to accomplish the adjustment of the quantity of food offered and subsequent calculations of consumption of the dry matter (DM) per animal in average per stall.
Samples of the rations offered and the scraps were collected three times per week and dried in greenhouse with forced air circulation at 72°C. At the end of the experimental period the samples were analyzed to determine the dried matter, ashes, ethereal extract crude protein according to Mizubuti, Pinto, Pereira and Ramos (2009) , fiber in neutral detergent and fiber in acid detergent according to Detmann et al. (2012) .
The animals were weighed at 28 and then at 48 days after the adaptation period totalizing 76 days of experimenting. The weighings occurred in the morning after fasting of solids at about 16 hours. The average daily gain (ADG) was calculated between the reason total gain divided by the number of days. The food conversion of dry matter was estimated as being the reason between the ADG and the intake of DM. At the end of the experimental period the animals were slaughtered in a commercial fridge according to guidelines proposed by the Brazilian legislation according the technical regulation of stunning methods to humanitarian slaughtering of butcher animals (IN nº 3, of January 17, 2000) . Immediately after slaughter, the carcass were identified, weighed and stored in cold chamber with the temperature ranging to 0°C during 24 hours.
After 24 hours of refrigeration the carcass were weighed again and conducted the subjective evaluation of resignation (score from 1 to 5) and consummation (score from 1 to 10) as proposed methodology by García-Torres et al. (2005) . The pH of the carcass was measured in the muscle Longissimus dorsi with the aid of a portable potentiometer Texto Posteriorly it was fulfilled an analyses of the water loss by pressure by the method proposed by Barbut (1996) . The rest of the samples were frozen to -18°C. After one month of icing, the samples were thawed for evaluation of the water loss in the defrosting and cooking, softness and determination of the centesimal composition.
The softness of the meat was evaluated in an objective way, with the use of the texturometer device TX Ture Analiser TAXT21 with blade of Warner Bratzler Shear, where the necessary power was determined for the shearing of the fiber bundle roast beef (an average of six analyses per steak, 1.25 cm of thickness and 2.5 cm of length).
To determine the physical carcass composition in muscle (M), fat (F) and bone (B) it was extracted one piece of the muscle Longissimus dorsi, between the 10 th and 12 th rib, according the methodology proposed by Hankins and Howe (1946) , reported by Carballo, Monserrat and Sánchez (2005) , where, muscle: 15.56 +0.81 (M), fat: 3.06+0.82(F) and bone: 4.30+0.61(B).
The evaluation of the centesimal composition, in dry matter (%), gross protein (%), ethereal extract (%) and in mineral matter (%), of the meat it was fulfilled following the procedure described by Association of Official Analytical Chemistry [AOAC] (1995).
The statistical analyses was fulfilled by analyses of variance by GLM, using the statistical package Statistical Analysis System [SAS], (2001). The influenced characteristics by the use of sunflower pie substituting the cottonseed meal were submitted to analyses of Turkey (p ≤ 0.05) of probability.
Results and discussion
The variables ADG (Ŷ = 0.970 kg) and CA (Ŷ = 8.02 kg), not differ (p ≥ 0.05) among the treatments (Table 2) .
The use of sunflower pie in the ration did not influence (Ŷ=7.33) the intake of dry matter (Table  3) , regardless the way of expression, might be in daily quantity (kg day -1 ) or in relation to the percentage of live weight (kg 100 kg -1 LW). But analyzing the intake in reason of live weight to the intakes observed in this study were lower than the 2,45% LW recommended by NRC (1996) .
The intake of FND (kg day -1 ) in (Table 3) was not influenced by the replacement of sunflower pie by the soybean meal. Mendes, Ezequiel, Galati, and Feitosa (2005) , whom working with male cattles, receiving diets with cottonseed meal as source of protein, ranging in energy sources with grain corn. 9.8% corn germ meal and 9.9% of soy hulls, observed significant effect on intake of FND (4.3; 4.5; 4.5 kg day -1 of FND, respectively). The authors alleged that the difference observed in the treatment with corn was minor (p < 0.05) due to the low levels of FND in the diet with corn and high values of FDA and cellulose in the diets containing soybean hulls.
According to Van Soest (1994) , the voluntary intake of dry matter is correlated to the level of FND by the reticle -rumen are more slow than the other constituents, presenting great effect in the rumen fill and the food residence time in the rumen, compared to the non-fibrous components of the food. In this sense, it can be assured that the sunflower pie presented similar effects to the cottonseed meal in the ruminal dynamics, for it did not altered the intake of dry matter, by the animals, among the treatments. Domingues et al. (2010) , evaluated the intake of the heifers fed with different levels of sunflower pie in replacement to the cottonseed meal, and observed significant effects (p ≤ 0.01) of the levels of the sunflower pie (0, 25, 50, 75 and 100%) in replacement to the cottonseed meal over the intake of dry matter (IDM) where was observed cubic behavior. However, when the IDM was expressed in g kg -1 LW 0.75 and in %LW was observed a decreasing linear behavior. These authors also verified that the animals that received only cottonseed meal as protein food ingested larger quantity (p < 0.05) of dry matter, in kg/day, than when received rations containing sunflower pie, due to the fact that the fat contained in this provender, rich in polyunsaturated fatty acids, as being hiohydrogenated by the bacteria and protozoan resulted in a larger energy intake and consequently the reduction in the intake of dry matter. Oliveira et al. (2007) , verified that depending on the level of EE in the diet, the intake might be affected, as well as by the levels of FDA and of FND. The authors also highlighted that the high level of FDA of the sunflower seed is in the skin and, in the case of the processing, the seeds go through a previous cleaning. However, in this study, the ration intake was not influenced by the levels of ethereal extract nor by the levels of FND (Table 3) .
The slaughter weight (SW), hot carcass weight (HCW), carcass yield (CY), resignation (R) and degree of consummation (DC) did not differ among the treatments (Table 4) . The WS was similar to the weight verified by Paulino et al. (2008) to female Nelore fed with 1.2 % of concentrated in relation to the body weight. Coutinho Filho, Peres, and Justo (2006), verified body weight of 384 kg for female Santa Gertrudis with an average gain of 1.2 kg at the end of 109 days of confinement, using rations with levels of GP and TDN similar to the ones used in this experiment.
The CY variable (Ŷ = 51.11%), are close to the ones observed by Goes et al. (2012) . The same authors obtained similar results to the present study about the carcass yield 52% and the fat thickness 2.4mm. The same authors concluded that the replacement of 20 and 40% improved the daily weight gain and the body condition of the animals can be replaced without changing the characteristics of the carcass and the quality of the Nelore heifers meat termination pasture during the dry season of the year.
The animals presented similar resignation, varying form 3.2 (rectilinear carcass) and 2.5 (sub rectilinear carcass) with medium musculature, typical of the zebu breeds. The bull breeds usually present better muscular development and resignation of carcass compared to zebus (Euclides Filho et al., 2003) . The degree of consummation presented (Ŷ = 2.8), corresponding to carcass with medium coverage. The minimum demanding of fat thickness varies geographically, however, from the qualitative point of view, it is necessary the minimum of 3 mm (Kuss et al., 2008) . The average observed in this study was of 5.0 mm, indicating that the carcass presented the consummation necessary.
The different levels of inclusion of sunflower pie did not influence the quantitative characteristics of the carcass and its respective measures of development (p > 0.05). These, are a little affected when compared to animals in the same age, genetic group and nutritional state ( Table 5) .
The ribeye area, characteristic that represents the level of muscular development of animals and is related to the yield of the sections of higher commercial value (Miotto, Neiva, Voltolini, Pinheiro, & Castro, 2009) it is influenced by factors such as weight at the slaughtering and genetic group.
The pH, varying between 5.57 and 5.61 (Table 6 ) is considered normal for beef. Therefore, did not occur the anomaly DFD (dark, firm and dry) found in pH above 6.0.
The values of water loss by pressure ranging between 23.3 and 26.6%, remained in adequate levels. Fernandes et al. (2008) , found an average of 72.5% to the CRA, to the females of the Canchin breed finished in confining, that is, 27.50% to the loss of water by pressure.
It was not observed differences in the levels of marbling, among the treatments. The marbling of the meat represents the quantity of intramuscular fat and is considered an important characteristic, for it is deeply related to the sensorial meat characteristics , possible to be noticed and appreciated by the consumer (Costa et al., 2002) . The value found by the marbling (Ŷ = 2.56) corresponds to features, value inexpressive according to AMSA (2001), denoting small collection of intramuscular fat. The low rate of marbling seems to have influenced in the strength of shearing with average values at 5.6 kg values above 5.0 kg characterize the meat as stiff, in these sense the maturation of the meat can be an alternative to obtain a softer meat (Ribeiro et al., 2002) .
The water loss by defrosting and cooking of the muscle Longissimus did not differ (p > 0.05) among the treatments and represent averages of 2.6 and 28.8%, respectively.
The parameters of color were not influenced. The meat represented luminosity (L*) varying between 36.3 and 39.4 (Table 7 ). According to Fernandes et al. (2008) , the values of L* are within the recommended as ideal (34 and 39), meanwhile the values of a* might be considered under the average (18 and 39). The intensity of the red is directly connected to the quantity of the myoglobin present in the meat, varies mainly with the physical activity of the muscles and the physiological maturity of the animal. Values found in a* between 16.8 and 17.7, might been explained by being confined animals with less muscular demand and minor physiological maturity.
The meat coloration and the CRA, are related directly with the value of pH. As larger the pH, smaller the L* values, a* and b* and larger the CRA. As in this study the values of pH remained within the ideal limits, the characteristics of L*, a* and b* and PWL presented values considered normal.
According to Carballo et al. (2005) , the average proportionsof each one of the components of the carcass vary from 48 to 82% to the meat, between 0.5 to 35% to the fat and between 11 to 35% to the bones. The average values of percentage of muscle, fat and bone of the carcass were of 53.45; 29.5; 16.14%, repectively (Table 8) . Costa et al. (2002) , working with Red Angus heifers and slaughtering the animals with 340 kg, found superior value to the muscle (63.5%) and inferior to the bones (15%) and fat (21.7%). The smaller percentage of muscle and larger percentage of fat observed to the female heifers might be related to the sex, because females possess less proportion of muscles and more fat than males, when compared to the same state of development. In this study, the percentage of muscle was always superior to 51.5% and the maximum percentage of fat observed, was in 31.7%, this way, patterns compatible with the demanding of the market, demonstrating that the Nelore female heifers have potential to reach conditions of consummation with weight, relatively low.
The meat centesimal composition was not influenced by the replacing of cottonseed meal for sunflower pie diet. The values of the CP were similar to the ones reported by Heinemann, Pinto and Romanelli (2003) (21.63%) and Andrade et al. (2010) to meat of animals of different genetic groups.
In the centesimal analyses, the fat is the component that presents bigger variation (Williams et al., 1983) and, normaly, the quantity deposited result in the balance between the energy and the diet and metabolic requirement (Eriksson & Pickova, 2007) . According to Campion (1975) , it is desired that the meat presents content intramuscular fat superior to 2%, to promote the quality characteristics. The average of fat in the muscle Longissimus dorsi observed in this trial (0.74%) were lower to this value, befitting to the low marbling found, what might have influenced, in a negative way, in the softness.
Conclusion
The replacing of cottonseed meal in even 600g kg -1 de DM by sunflower pie, as an alternative source of protein in the ration of Nelore female heifers in termination, not influencing in the intake of nutrient and in the characteristics of the carcass of the meat, being, a variable alternative of protein in the search to reduce costs in the feeding.
